Uterine anomalies are a potential cause for amenorrhea, infertility, and abnormal obstetrical outcomes in young women [1] . Uterine anomalies occur due to failed formation or fusion of the paired M€ ullerian ducts early in embryonic life and are also referred to as M€ ullerian duct anomalies. Uterine anomalies may also be associated with symptoms of pain or a mass due to hematometros, hematocolpos, endometriosis, or ectopic pregnancy [2] . The overall incidence of uterine anomalies is often quoted to be 2%-3%. However, the incidence is up to 5%-10% in women with recurrent first trimester miscarriage and up to 25% in women with recurrent second trimester pregnancy loss [1] .
Embryology of M€ ullerian Duct Anomalies
The M€ ullerian ducts are present in both the male and female embryo before 6 weeks' embryonic life. Between 6 and 12 weeks embryonic life, the M€ ullerian ducts fuse to form the uterus, cervix, upper two-thirds of the vagina and fallopian tubes in the female embryo. In the male embryo, M€ ullerian inhibiting substance produced by sertoli cells in the testis inhibits M€ ullerian duct development beyond 6 weeks [1, 2] . The lower vagina is formed from sinovaginal buds after fusion with the caudal most portion of the M€ ullerian ducts forming the vaginal plate [1] . The ovaries arise from the primitive yolk sac [2] . . Type 1 anomalies are due to hypoplasia or agenesis of the vagina, cervix, fundus, tubes, or a combination of these structures. Type 2, 3, and 4 anomalies are due to failed fusion of the M€ ullerian ducts. Type 2 anomalies are variants of a unicornuate uterus including a unicornuate uterus without a rudimentary horn and a unicornuate uterus with a rudimentary horn. The rudimentary horn may or may not contain functioning endometrium. A rudimentary horn that contains functioning endometrium may or may not communicate with the cervix. Type 3 anomalies are complete failure of fusion of the M€ ullerian ducts resulting in uterine didelphys with 2 separate vaginas (the upper two-thirds), 2 separate cervices, and 2 separate uteri. Type 4 anomalies are incomplete fusion of the M€ ullerian ducts resulting in a bicornuate uterus with 2 separate uterine cavities and 1-2 cervices. There is only 1 vagina. Type 5 and 6 anomalies are due to failed resorption of the septum after the M€ ullerian ducts have fused. Type 5 anomalies are the septate uterus with a septum that may be composed of muscle and/or fibrous tissue. Type 6 anomalies are the arcuate uterus where there is thickening of the myometrium at the fundus but without a septum. Type 7 anomalies are teratogenic effects from diethylstilbesterol that results in a small uterus with a narrow irregular endometrial canal that has a T-shape [6] .
M€ ullerian Duct Classification

Imaging Evaluation of Uterine Anomalies
Women with uterine anomalies may present with amenorrhea, infertility or abnormal obstetrical outcomes including recurrent miscarriages, second trimester pregnancy loss, preterm delivery, malpresentation, and intrauterine fetal demise [1] . They may also present with symptoms of pain or a mass due to endometriosis, hematocolpos, or hematometros [2] . Some women are asymptomatic and the uterine anomaly is diagnosed on imaging performed for an unrelated problem. Women with primary amenorrhea are often first evaluated with ultrasound (US). Infertility is often due to blocked fallopian tubes and is evaluated early with hysterosalpinography. Women with abnormal obstetrical outcomes may be evaluated with magnetic resonance imaging (MRI) after their obstetrical US. The single best imaging test to diagnose uterine anomalies is MRI [7] . MRI is performed with T2weighted imaging through the pelvis in 3 planes with oblique coronal imaging through the uterus to evaluate the external fundal contour. T2-weighted imaging is best performed without fat suppression to take advantage of the natural contrast between the signal intensity of the uterus and the surrounding fat. Axial T1-weighted imaging is performed to evaluate for blood products that may be seen with endometriosis and hematometrocolpos. Fat suppressed axial T1-weighted imaging is used to differentiate blood products from an incidental dermoid cyst and may be performed as a spoiled gradient echo sequence to save time. Gadolinium-enhanced imaging is not necessary to evaluate uterine anomalies. 3D US has also been shown to be reliable in evaluating the internal morphology and external contour of the uterus to diagnose uterine anomalies in recent studies [8, 9] . The imaging evaluation of uterine anomalies should include limited imaging of the kidneys since renal anomalies occur in 30-50% of cases, most commonly unilateral renal agenesis [1, 10, 11] . Limited MRI of the kidneys may be performed as a large field of view coronal T2 breath-hold sequence. The results of imaging are combined with the findings on pelvic exam and in some cases hysteroscopy and laparoscopy to arrive at a precise diagnosis [7] .
Examples of Uterine Anomalies
Primary amenorrhea is often first evaluated with US followed by MRI. Complete M€ ullerian duct agenesis is Mayer-Rokitansky-Kuster-Hauser syndrome characterized by an absent uterus, cervix and upper two-thirds of vagina. Patients may still have ovaries because the ovaries arise from the primitive yolk sac [2] . There may be a lower 1/3 to the vagina because it forms from the sinovaginal bud ( Figure 2 ) [1, 2] . Other cases of primary amenorrhea may be due to partial agenesis or hypoplasia of the M€ ullerian ducts as shown in Figures 3 and 4 . Endometriosis is commonly encountered in uterine anomalies due to obstructed flow and retrograde menstruation ( Figure 3 ) [2] . Hematometros and hematosalpinx may also occur due to obstructed menstruation ( Figure 4 ). Women with agenesis or rudimentary unilateral uteri have an increased incidence of absent or ectopic ovaries that may be located anywhere between their position of origin near the kidneys to the inguinal canal ( Figure 3 ) [1, 10, 12, 13] .
Unicornuate uterus has been implicated in miscarriage, cervical incompetence, malpresentation, preterm labor, and intrauterine growth restriction [1] . The small size of the unicornuate uterus is not a favorable environment for development of a pregnancy, and the live birth rate is only 50% [1] . Other patients may present with symptoms due to the rudimentary horn. A total of 74% of patients with a unicornuate uterus have a rudimentary horn ( Figure 5 ) [4] . A nonfunctioning rudimentary horn without an endometrium is of no clinical significance. However, a functioning rudimentary horn with an endometrium requires surgical removal because it may lead to an ectopic pregnancy and the risk of catastrophic rupture [1, 2, 4, 14] . A functioning rudimentary horn that does not communicate with the cervix may also result in hematometros, hematosalpinx, and endometriosis ( Figure 6 ) [1] .
Uterine didelphys has a relatively good prognosis for a successful pregnancy. The risk of recurrent pregnancy loss is less than with a unicornuate uterus [1, 4] . There is complete non-fusion of the Mullerian ducts with 2 separate uterine bodies, 2 separate cervices and 2 separate upper two-thirds of the vagina. A vaginal septum may be present resulting in hematometrocolpos, endometriosis and infections ( Figure 7 ) [2, 14] . The vaginal septum may be resected surgically in symptomatic patients [1] .
The most common uterine anomaly encountered in women with recurrent pregnancy loss is the septate uterus and it is also the most treatable. It occurs in 6.1% of patients with recurrent pregnancy loss compared to up to 2.3% of the general population [4] . Pregnancy losses with a septate uterus usually occur between 8-16 weeks gestation [1] . A challenge for radiologists is to differentiate a septate uterus from a bicornuate uterus. Hysteroscopic metroplasty for a septate uterus is a relatively safe and simple procedure that significantly improves a patient's probability of Figure 4 . A 12-year-old female presents with primary amenorrhea and cyclic abdominal pain. Axial T1 (A) magnetic resonance (MR) image demonstrates 2 separate uterine cavities with hematometra on the right (asterisk) and a hypoplastic left uterine horn (arrow). Sagittal T2 (B, C) MR images also demonstrate the 2 separate uterine cavities with hematometra on the right (asterisk) and a hypoplastic left uterine horn (arrow in C). These sagittal images also demonstrate absence of the vagina and cervix. Absence of the vagina is also demonstrated on axial T2 image (D). Axial T1 (E) image of the right adnexa demonstrates a right hematosalpinx that contains blood products that are hyperintense on T1 and were also hyperintense on T2 (arrows). On physical exam, the patient had a dimple in the introitus but no vagina. She was initially treated with surgical drainage of the hematometra and hematosalpinx and Lupron depot injections for hormone suppression. Eventually, she was treated with hysterectomy and salpingectomy. having a successful pregnancy [1, 4] . It may be offered prophylactically in cases when a septate uterus is diagnosed incidentally [1] .
Many patients with a bicornuate uterus have successful pregnancies and do not require treatment. In patients with repeated pregnancy loss, invasive transabdominal or laparoscopic metroplasty may be offered, but there is little evidence to support its effectiveness [1, 4] . Patients with a bicornuate uterus may benefit from cervical cerclage to manage cervical incompetence if there is a history of late trimester losses or preterm labor [4] . Bicornuate uterus occurs due to incomplete fusion of the M€ ullerian ducts that may be complete or incomplete. A complete bicornuate uterus has 2 separate uteri and 2 separate cervices (bicornis bicollis) similar to uterine didelphys. However, unlike uterine didelphys, there is only 1 vagina. It may be difficult to differentiate a complete bicornuate uterus from uterine didelphys on MRI and it is important to correlate imaging findings with the physical examination. An incomplete bicornuate uterus has 2 separate uteri but a common cervix (bicornis unicollis). The endometrial cavities may come together in the lower uterine segment. The incomplete bicornuate uterus must be differentiated from the septate uterus. A septate uterus occurs due to normal fusion of the M€ ullerian ducts but incomplete resorption of the septum. In a complete septate uterus, the septum may extend into the upper two-thirds of the vagina. In an incomplete septate uterus, the septum may stop midway through the endometrial cavity. The septum may be composed of myometrium, fibrous tissue, or both. On hysterosalpingograms where there is a single cervix, the radiologist may identify 2 separate endometrial cavities. Historically an intercornual angle of >105 supported a diagnosis of a bicornuate uterus and an intercornual angle of <75 supported a diagnosis of a septate uterus [2, 14] . However, these numbers are unreliable. On MRI, the best way to differentiate a septate uterus from a bicornuate uterus is to evaluate the outer fundal contour. This is done with oblique coronal T2 weighted imaging preferably without fat suppression to take advantage of the natural contrast between myometrium and surrounding fat. The outer fundal contour may also be evaluated with 3D US [8, 9] . If the fundal contour is depressed 1 cm or greater, the diagnosis is a bicornuate uterus (Figure 8 ). If the fundal contour is outwardly convex, flat or indented less than 1 cm, the diagnosis is a septate uterus (Figures 9 and  10) [2, 14] . In cases of a septate uterus, it is useful to describe what portion of the septum contains myometrium versus fibrous tissue. The muscular portion of a septum is isointense to myometrium and is contiguous with the myometrium of the uterine fundus. The fibrous portion of a septum is low signal intensity on T2. The fibrous septum may be resected hysteroscopically. In some cases, the muscular septum is resected laparoscopically [2] .
An arcuate uterus is in the spectrum of M€ ullerian duct anomalies where there is normal fusion but incomplete resorption of the septum. It is the most common uterine anomaly but is asymptomatic and does not require surgical correction [1] . The outer fundal contour of an arcuate uterus is outwardly convex or flat like the septate uterus. It is the endometrial contour that differentiates the arcuate uterus from the septate uterus. In the arcuate uterus, a trace of residual muscular septum creates focal thickening of the myometrium at the uterine fundus in Figure 7 . A 20-year-old female who is not sexually active reports a vaginal discharge and occasional gushes of blood with menstruation. She has 2 cervices on exam. Axial T2 magnetic resonance imaging (MRI) scans (A, B, D, E) and axial T1 MRI scan (C) demonstrate 2 widely divergent uterine horns (arrows in A), 2 cervices (arrows in B), and superiorly there are 2 vaginas (arrowheads in C and D). Inferiorly there is a single vagina (arrow in E). The left hemivagina is distended with complex fluid or blood that is hyperintense on T1 and T2 (asterisks in C and D). This indicates the presence of a left vaginal septum with obstructed discharge and menstruation. She has uterine didelphyis with a left vaginal septum and left pyocolpos. She was treated with resection of the vaginal septum and marsupialization vaginoplasty. Figure 8 . A 28-year-old female presents with a history of 2 third trimester pregnancy losses while living in Africa. The first pregnancy was a stillbirth caesarean section at 40 weeks and the second pregnancy was a vaginal breech delivery with fetal death at 28 weeks. Oblique coronal fat suppressed T2 magnetic resonance imaging (MRI) demonstrates 2 uterine horns at the fundus and a common endometrial cavity in the lower uterine segment with a single cervix. The outer fundal contour is depressed more than 1 cm (double arrow) diagnostic of a bicornuate uterus. She subsequently had a live pregnancy delivered by caesarean section in North America. The presence of fat suppression on the oblique coronal T2 MRI was a technical error. the midline resulting in an indentation in the endometrial contour that forms an obtuse angle ( Figure 11 ). The arcuate uterus is differentiated from a subseptate uterus with a short muscular septum because the angle formed by the endometrial contour at the fundus in a subseptate uterus is acute ( Figure 12 ) [2, 7, 9] . In both the arcuate uterus and the subseptate uterus, there is no fibrous septum.
Uterine anomalies due to diethylstilbestrol exposure are no longer encountered. The nonsteroidal estrogen that was historically given to women to prevent miscarriages was discontinued after 1971 due to uterine anomalies and the risk of clear cell carcinoma of the vagina and cervix [2, 4, 6] . Table 1 summarizes the M€ ullerian duct anomalies by category with their uterine findings and important features.
Summary
Uterine anomalies are commonly encountered by radiologists who read US, computed tomography, and MRI and by radiologists who perform hysterosalpinography in patients with infertility. They may be suspected in patients presenting with amenorrhea, infertility, or abnormal obstetrical outcomes or they may be an incidental finding. Uterine anomalies are often associated with renal anomalies and it is important to evaluate the kidneys in these cases. They may also be associated with endometriosis that is a potential cause for pain and Figure 10 . A 29-year-old female with infertility. Oblique coronal T2 magnetic resonance imaging (A) demonstrates a septate uterus. The outer fundal contour is flat. There are 2 endometrial cavities separated by a septum. Hysterosalpingogram (B) demonstrates 2 separate endometrial cavities at the fundus with a common endometrial channel in the lower uterine segment and a single cervix. Bilateral fallopian tubes are patent. She was treated with hysteroscopic resection of the septum. Figure 9 . A 26-year-old female with dysmenorrhea. Ultrasound (US) revealed a uterine anomaly. Oblique coronal T2 magnetic resonance imaging (A) demonstrates 2 endometrial cavities at the fundus and a single cervix. The outer fundal contour is flat diagnostic of a septate uterus. The septum extends almost to the cervix and is composed of myometrium at the fundus (asterisk) and fibrous tissue more caudally (arrowhead). Coronal 3D US (B) also demonstrates the septate uterus. There is an intrauterine device in the left endometrial cavity (arrow). The superior septum is composed of myometrium (asterisk). She was treated with hysteroscopic resection of the septum prophylactically to improve the likelihood of success with future pregnancies. infertility. A functioning rudimentary horn of a unicornuate uterus may result in ectopic pregnancy with catastrophic rupture and requires surgical removal. The most commonly encountered uterine anomaly in patients with recurrent pregnancy loss is a septate uterus that is amenable to surgical correction. It is important for radiologists to be able to differentiate a septate uterus from a bicornuate uterus, and MRI is the best imaging test to make this diagnosis. Figure 12 . A 41-year-old female with recurrent spontaneous abortions and infertility. Oblique coronal T2 magnetic resonance imaging demonstrates a short muscular septum (asterisk) giving the endometrial cavity an indentation at the fundus with an acute angle characteristic of a subseptate uterus. The outer fundal contour is flat. There is no fibrous septum. She was treated with hysteroscopic resection of the uterine septum. Figure 11 . A 32-year-old female with recurrent spontaneous abortions. Oblique coronal T2 magnetic resonance imaging demonstrates focal thickening of the myometrium at the central uterine fundus (asterisk) giving the endometrial cavity an indentation at the fundus with an obtuse angle characteristic of an arcuate uterus. There is no septum. She had hysteroscopy for lysis of adhesions but was not treated for her arcuate uterus. Septate uterus is found in 6.1% of patients with recurrent pregnancy loss and is treatable with hysteroscopic resection of the septum. It is differentiated from a bicornuate uterus by having an external fundal contour that is outwardly convex, flat, or indented less than 1 cm.
Arcuate uterus
External contour of uterus is normal. There is an indentation of the endometrium at the fundus due to thickening of the myometrium. There is no septum.
The outer fundal contour is flat or outwardly convex. The angle formed by the endometrium at the uterine fundus is obtuse that differentiates an arcuate uterus from a subseptate uterus with a short muscular septum where the angle is acute. Arcuate uterus is not associated with clinical sequela.
DES uterus
Small T-shaped uterus with narrow irregular endometrial cavity.
DES was discontinued in 1971 and these uterine anomalies are no longer encountered. DES is also associated with clear cell carcinoma of the vagina and cervix.
DES ¼ diethylstilbesterol.
